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Description
TECHNICAL FIELD:

[0001] Thisinvention relates to a process for preparing
a reduced calorie beverage or food product. More par-
ticularly, this invention relates to a process for converting
atleast some of the sugar in a plant-derived juice or liquid
to ethanol by fermentation and subsequently removing
at least some of the ethanol therefrom, to produce a re-
duced calorie beverage or food product.

BACKGROUND:

[0002] Consumer awareness of the impact of nutrition
on health has increased dramatically in recent decades.
One example of this awareness is the marked increase
in media discussion of, and consumer demand for, bev-
erages which are known to contain high levels of plant-
derived antioxidants. At the same time, consumer aware-
ness of the negative health effects associated with con-
sumption of simple carbohydrates and calories, both of
which are found in high levels in many plant-derived bev-
erages, has also increased in recent years. Accordingly,
there exists a consumer demand for a plant-derived bev-
erage or food product which contains both naturally oc-
curring antioxidants and relatively low levels of sugar and
calories, while maintaining a similar sensory profile to
that of traditionally produced plant-derived beverages.
[0003] Several methods have been proposed for pro-
ducing reduced sugar or reduced calorie plant-derived
beverages. For example, U.S. Patent no. 5,266,337 to
Barwald et al., issued November 30, 1993, discloses a
process for preparing a fermented juice product with a
reduced ethanol content. This process involves treating
a first quantity of grape sweet must with yeast, and there-
after adding a second partial amount of grape juice, while
treating with air or oxygen. This process results in a low
ethanol fruit beverage. This process, necessarily, results
in at least some ethanol content in the finished product.
As is well known, ethanol has certain potentially negative
effects on consumers, including, among other things, its
depressant effects on the central nervous system, its in-
compatibility with certain religious practises, and its cal-
orie content. As such, the process taught by Barwald et
al. will not produce a beverage that is suitable for con-
sumption by all consumers, for at least the reason that
some consumers will demand an alcohol-free, or calorie-
free, product.

[0004] U.S. Patent no. 4,971,813 to Strobel and Tarr,
issued November 20, 1990, discloses a process for sep-
arating and recovering aroma and flavour volatiles from
fruit or vegetable juices and for lowering the amount of
sugar in juices. The process involves first removing the
aroma volatiles from the juice by forming a microsol by
spraying juice through a nozzle at elevated temperatures
into a vacuum chamber, and then fermenting the recov-
ered juice fraction with a yeast. The fermentation product
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is then subjected to a de-alcoholization process, prefer-
ably by the same spraying method, before the volatiles
are added back into the de-alcoholized fermentation
product along with a sweetener. This process, aside from
being cumbersome and complex, involves heating the
juice to temperatures of at least 55 degrees Celsius one
or two times. These heating steps will inherently result
in at least some degradation of antioxidants in the juice,
thereby reducing the final concentration of useful antioxi-
dants in the beverage produced by the process taught
by Strobel and Tarr. Furthermore, the second step,
whereby an ethanol-containing mixture is sprayed into a
fine mist and heated, will result in highly explosive, and
potentially hazardous, conditions. This dangerous step,
therefore, results in a further substantial drawback to the
process disclosed by Strobel and Tarr.

[0005] U.S. Patent Application Publication no.
20100055250, published March 4, 2010, to Teodoro et
al., discloses reduced calorie, light, or low-calorie juice
beverages having natural non-nutritive sweeteners. The
beverages taught by Teodoro et al. achieve reduced sug-
ar content by removing all components of the plant-de-
rived juices other than pulp, and mixing the pulp with
sweeteners and otheringredients to produce abeverage.
Because most of the components of the juice used to
produce these beverages are removed, the beverages
of Teodoro et al. will necessarily lack many of the nutri-
tional benefits, including antioxidant properties, and have
a dramatically different flavour profile, when compared
with traditionally prepared plant-derived beverages. DE-
A-199 20 236 describes a fermented, alcohol-free fruit
juice drink with health-promoting properties and with a
refreshing acid taste and a process for the preparation
thereof. DE-A-199 20 236 does not describe that ethanol
is removed by evaporation or that oxygen is added to the
fermenter by means of bubbling. US-A-4 978 539 de-
scribes a process consisting of taking vegetal juice ob-
tained by pressing at least one vegetal substance, ad-
justing its pH before sulfiting it, clarifying it, subjecting it
to microfiltration through a membrane, and then ferment-
ing the microfiltered juice in a carbon dioxide atmos-
phere. EP-A-2 404 508 describes a method for producing
a liquid with reduced saccharide content comprising the
steps of fermentation and removal of the alcohol using
reverse osmosis. EP-A-2 404 508 does not describe that
the fermentation step is carried out under aerobic condi-
tions. GB-A-2 130 497 describes a system and method
of reducing the alcohol content of wine by exposing an
original wine product to an elevated temperature ina cen-
trifugal film evaporator. GB-A-2 076 852 describes a
method of preparing a low-carbohydrate, alcohol re-
duced, low calorie diet beer using a thin film evaporator.
The method of GB-A-2 076 852 aims to avoid any contact
with oxygen which is known to be detrimental to the qual-
ity of the beer.
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SUMMARY:

[0006] The present invention provides a process for
removing sugar from a plant-derived juice or liquid and
preparing a beverage or food product, the process com-
prising:

(a) (i) fermenting, under aerobic conditions, a first
fraction of the plant-derived juice or liquid with yeast
while adding oxygen-containing gas to the juice or
liquid by bubbling so as to dissolve an excess of ox-
ygen into the juice or liquid and provide an aerobic
environment to the yeast, and (ii) subsequently add-
ing a second fraction of juice or liquid to the ferment-
ed first fraction while adding oxygen-containing gas
to the juice or liquid by bubbling so as to dissolve an
excess of oxygen into the juice or liquid and provide
an aerobic environment to the yeast, in the first fer-
mented fraction, to produce a fermentation product
containing ethanol; and; and

(b) removing at least some of the ethanol from the
fermentation product by evaporation, while maintain-
ing the fermentation product at a temperature of less
than 55°C to produce the beverage or food product,
wherein said step (b) is performed with a falling film
evaporator.

[0007] The fermentation step is accelerated by per-
forming the fermentation in two sub-steps, such that a
first fraction of juice is fermented and then a second frac-
tion of juice is added to the fermented fraction. The fer-
mentation step is further accelerated, and production of
ethanol and unfavourable fermentation side products
may be reduced, by adding oxygen-containing gas to the
fermentation mixture. Further acceleration may be
achieved by optimizing fermentation conditions, includ-
ing temperature, pressure and yeast strain. Such optimi-
zation of the fermentation conditions will result in a fer-
mentation product which is lower in ethanol and in fer-
mentation by-products which might affect the flavour of
the reduced-calorie beverage or food product produced
by the process.

[0008] The fermentation process may be adapted to
be performed in a continuous manner, potentially suitable
to large-scale industrial applications, whereby juice is
continually added to the fermentation mixture and fer-
mentation product is continually displaced and ethanol
is removed from the displaced fraction.

[0009] The ethanol removal step may be performed,
for example, by a falling film evaporator, under conditions
ofreduced pressure, to reduce the temperatures to which
the fermentation product is exposed, thereby reducing
degradation of antioxidants. The ethanol removal step
may also be performed by a spinning cone column, a
Centritherm™, a Thermally Accelerated Short Time
Evaporator (T.A.S.T.E.™), a rising film evaporator, a
plate evaporator, or by any evaporator or any device that
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is capable of applying moderate temperature and low
pressure. Volatile aromatic compounds removed at this
step may be captured and reintroduced to the product
after the ethanol is removed. Further, a sweetener may
be added to the product after the ethanol is removed, in
order to enhance the flavour of the reduced-calorie bev-
erage or food product.

[0010] The disclosure further provides a reduced-cal-
orie beverage or food product made by one of the proc-
esses provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS:
[0011]

Figure 1 is a flowchart depicting the process accord-
ing to one embodiment of the present invention.

Figure 2 is a schematic diagram depicting the appa-
ratus.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

[0012] The processes of the present invention is ap-
plied to removing sugar from any plant-derived liquid or
juice. Preferred among plant-derived liquids or juices are
fruit or vegetable juices containing relatively high levels
of antioxidants, including liquids or juices derived from
cupuacu, agai, acerola, prickly pear, black and red rasp-
berry, blackberry, apple, pear, nectarine, peach, haskap,
tomato, cashew fruit, chokecherry, currants, strawberry,
banana, mango, cranberry, apricot, gooseberry, Saska-
toon berry, white, red and blue grape, guava, guarana,
kola nut, carrot, beet, lettuce, watercress, rice, soy, cash-
ew nut, aloe vera, agave, maple, a citrus fruit, Sea-buck-
thorne, goji, spinach, almond, coconut, watermelon, rhu-
barb, raspberry, blueberry, coffee berries, elderberry,
persimmon, cherry, tart cherry, mulberry, prune, plum,
papaya, cantaloupe, mangosteen, pineapple or pome-
granate. In some embodiments, the juice or liquid will
have been pasteurized under UHT conditions. In some
embodiments, the juice or liquid will have been main-
tained at cold temperatures and under vacuum prior to
the removal of sugar by the methods discussed herein,
in order to reduce degradation of antioxidants. In some
embodiments, the juice or liquid can be concentrated by
removing water or diluted by adding water prior to the
removal of sugar by the methods discussed herein. As
used herein, the term "food product" includes any plant-
derived edible product reduced in sugar that can serve
as a calorie reduced food ingredient, and also includes
concentrates, syrups and powders. In certain embodi-
ments, products of the present invention will not be re-
duced in calories, but have reduced impact on blood glu-
cose levels, when compared to traditionally produced
plant-derived juices, liquids, and food products.

[0013] Anantioxidantis a molecule that inhibits the ox-
idation of other molecules. There are many different
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types of antioxidants found in plant-derived liquids or juic-
es. Some such plant-derived antioxidants are short lived,
and begin to degrade the instant plant tissue, juice or
liquid is detached from the plant, while others are more
resistant. Antioxidant degradation can be caused by light,
microbes, oxygen and heat. Antioxidants will degrade at
any temperature given enough time, depending on the
chemical stability of the particular antioxidant. However,
in general, antioxidants will degrade more slowly at lower
temperatures and in the absence of oxygen. For exam-
ple, Markakis, "Anthocyanins and their Stability in
Foods", CRC Critical Reviews in Food Technology, 4:4,
437-456, teaches that maintaining juice at temperatures
below 38°C will minimize degradation of anthocyanins,
and thatrapid degradation of anthocyanins occurs during
food processing steps where temperatures exceed 60°C.
Accordingly, maintaining relatively low temperatures,
and minimizing exposure of the plant-derived juice or lig-
uid to oxygen, at all stages of the processes of the present
invention is desirable. By maintaining temperatures at or
below 55 degrees Celsius, anthocyanin degradation will
be minimized. Since the normalhuman body temperature
is approximately 37.5 degrees Celsius, maintaining tem-
peratures at or below 37.5 degrees Celsius is particularly
advantageous.

[0014] According to the processes of the present in-
vention, plant-derived liquid orjuice is first fermented with
yeast in a fermentation unit, such as a container with at
least one opening to allow for exposure of the liquid or
juice to air. In a preferred embodiment, the yeast used
for fermentation is a yeast suitable for fermenting fruit
juices, such as wine yeast. In a further preferred embod-
iment, the wine yeast is Saccharomyces cerevisiae bay-
anus. In a still further preferred embodiment, the wine
yeast is of the strain Lalvin™ EC-1118. In another pre-
ferred embodiment, the wine yeast is of the strain La-
Ilvin™ DV-10.

[0015] Inafurther preferred embodiment, fermentation
aids and yeast nutrients, including, ammonia and phos-
phate salts (di-ammonium phosphate), free amino acids
(from inactivated yeast), sterols, unsaturated fatty acids,
magnesium sulfate, thiamin, folic acid, niacin, biotin, cal-
cium pan-tothenate and inactive yeast are added to sup-
plement the fermentation mixture of yeast and liquid or
juice. The addition of such nutrients accelerates yeast
growth and the fermentation process, and reduces the
amounts of fermentation by-products which have an un-
favourable impact on flavour, in the reduced calorie bev-
erage or food product produced by the processes of the
present invention.

[0016] As taught by Rosenfeld et al., "Oxygen Con-
sumption by Anaerobic Saccharomyces cerevisiae un-
der Enological Conditions: Effect on Fermentation Con-
ditions", Applied and Environmental Microbiology, Jan.
2003, pp 113-12 ("Rosenfeld"), in the presence of oxy-
gen, yeast rapidly consumes sugar compared with yeast
which is subjected to a generally anaerobic environment,
as is the case in conventional wine production. When
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fermentation of sugar by yeast is performed in an anaer-
obic environment, relatively high amounts ethanol and
of flavourful fermentation by-products are produced (see,
forexample, Hinfray etal., "Ethanol Production From Glu-
cose by Free and Agar-Entrapped Batch Cultures of Sac-
charomyces cerevisiae at different Oxygenation Levels",
Biotechnology Letters, vol. 16 no. 10 (Oct. 1994)) ("Hin-
fray"). Many of these by-products are desirable in wine
production, but are not desirable in methods which seek
to produce a beverage which tastes similar to natural
juice or other plant-derived liquids. According to the
present invention, oxygen-containing gas, such as air, is
added to the fermentation mixture by bubbling. Bubbling
may be performed by any appropriate means for intro-
ducing oxygen-containing gas to the fermentation mix-
ture in the fermentation unit. In one embodiment of the
present invention, the temperature of the fermentation
mixture is maintained at temperatures between 15 and
35 degrees Celsius, to further optimize yeast growth and
minimize the production of fermentation by-products. In
other embodiments, the fermentation mixture is main-
tained at temperatures of between 15 and 40 degrees
Celsius.

[0017] Ithas been surprisingly observed that the proc-
esses of the present invention result in a fermentation
product which is relatively low in ethanol when compared
with fermentation products made by traditional process-
es, such as those employed in wine making. This rela-
tively low ethanol content advantageously allows for a
shorter ethanol removal step. With reference to the
teachings of Rosenfeld, Hinfray, and to those of Hanoun
and Stephanopoulos, "Intrinsic Growth and Fermenta-
tion Rates of Alginate-Entrapped Saccharomyces cere-
visiae", Biotechnol Prog, 1990, 6: 341-348, but without
being bound by theory, the bubbling or gas addition step,
which increases the dissolved oxygen concentration of
the yeast cells in the fermentation mixture, may lead to
an increase in the growth rate and a decrease in the
glucose uptake rate and ethanol production rate. By par-
tially activating oxidative phosphorylation, oxygen caus-
es an increase in the rate of ATP production. The higher
ATP production rate results in a faster growth rate and a
lower glucose uptake rate at higher dissolved oxygen
concentrations. Plasma membrane fatty acids and ster-
ols, which are synthesized in the presence of oxygen,
may also contribute to the faster growth rate at high dis-
solved oxygen concentrations. Accordingly, the low eth-
anol content observed in the fermentation mixtures of the
present invention may be explained by the fact that in
the presence of excessive oxygen, the sugar consump-
tion of yeast is directed to making fat for new cell mem-
brane synthesis for new yeast cells (i.e. yeast population
growth). Glucose would therefore be partially diverted to
yeast population growth, resulting in lower ethanol pro-
duction.

[0018] As taught by Salmon, J., "Interactions between
yeast, oxygen and polyphenols during alcoholic fermen-
tations: Practical implications", LWT 39 (2006) 959-965,
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yeasts have much higher affinities for oxygen than plant-
derived antioxidants, viable yeast and yeast lees com-
pete with phenolic compounds (for oxygen). Accordingly,
the oxygen added to the juice or liquid, by bubbling or
other means is metabolized so rapidly by the yeast that
this has a reduced impact on the antioxidant content of
the juice or liquid.

[0019] According to the present invention, the fermen-
tation step is further accelerated by performing the fer-
mentation in two sub-steps, such that a first fraction of
juice is first fermented in a fermentation unit as described
above. In one embodiment, this first fraction may be fer-
mented for an initial fermentation phase of between 6
and 72 hours or between 24 and 72 hours, or any appro-
priate time period which allows for a substantial portion
of the sugar in the first fraction liquid or juice to be con-
sumed by the yeast.

[0020] Once the initial fermentation phase is complet-
ed, further liquid or juice, constituting a second fraction,
is added to the first fraction. In one embodiment, fermen-
tation nutritive additive is added to the second fraction
prior to its addition to the first fraction of fermentation
mixture. The rate of addition will vary depending on mul-
tiple factors, including the volumes of the fractions used.
In a further embodiment, where the volume of the total
fermentation unit may be 3 litres or less, the second frac-
tion is slowly added in dropwise fashion to the first frac-
tion. In a still further embodiment, this addition is at a rate
of less than 5 ml/minute. In still a further embodiment,
this addition is at a rate of from 1.5 to 2 ml/minute. This
slow addition of the second fraction will result in very
rapid conversion of sugar, and minimize production of
fermentation by-products by the yeast. Fermentation will
be allowed to proceed until at least some of the sugars
in the juice or liquid have been converted by the yeast.
In a preferred embodiment, fermentation will proceed un-
til the sugar level in the fermentation mixture has reached
a level of less than 2% weight/vol. In a further preferred
embodiment, the sugar level will have reached a level of
less than 1 % weight/vol.

[0021] In certain preferred embodiments, the condi-
tioned juice or liquid which is added to the first fraction
supplies essential nutrients to the yeast in tandem with
additional sugar contained in the added juice or liquid,
which sustains yeast growth and rapid fermentation. At
an industrial scale, the overflowing fermented juice car-
ries yeast cells which can regulate the total yeast popu-
lation of the process. At an industrial scale, a continuous
centrifuge can achieve this step. At this scale, an optimal
equilibrium of juice addition and yeast removal to obtain
the lowest alcohol production may be achieved.

[0022] After the addition of the second fraction is com-
plete and sugar level has been reduced to an acceptable
level, a portion of the fermentation mixture may be dis-
placed from the fermentation unit to an alcohol-removal
unit, or alcohol removal may be performed in the fermen-
tation unit. Yeast may be removed from the fermentation
mixture either before or after alcohol is removed, for ex-
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ample by filtration or centrifugation. In preferred embod-
iments, alcohol removal is performed by a process or
system that allows for alcohol evaporation at reduced
temperatures and with reduced exposure of the fermen-
tation mixture to oxygen. Alcohol removal is performed
by a falling film evaporator.

[0023] Inorderto minimize degradation of antioxidants
in the processes of the present invention, thereby max-
imizing the antioxidant content in the low calorie bever-
ages produced by the processes, it is desirable to mini-
mize the temperature at which the ethanol removal step
occurs, and to minimize the exposure of the fermentation
mixture to oxygen at this stage. Under conditions of vac-
uum or reduced atmospheric pressure, water boils, and
ethanol readily evaporates from an aqueous solution
containing ethanol (such as fermented juice), at reduced
temperatures. Depending on the starting material, re-
moval of ethanol at temperatures of below 55 degrees
Celsius, or lower, may be desirable. For example, in in-
stances where the preservation of particularly heat sen-
sitive antioxidants are is desirable, lower temperatures
will be desirable. Where the antioxidants to be preserved
are less heat sensitive, then higher temperatures will be
acceptable. Application of vacuum or reduced pressure
will additionally limit exposure of the fermentation mixture
to oxygen. The boiling temperature of water, and there-
fore the effective ethanol removal temperature, is directly
proportional with pressure: as pressures drop, so does
the boiling point of water. For example, at a pressure of
50 millibars, water boils at a temperature of 32.88 de-
grees Celsius. In a preferred embodiment, ethanol re-
moval is performed at a pressure of less than one bar,
at which pressure ethanol removal will proceed at tem-
peratures of 78 degrees C or less. In a further preferred
embodiment, ethanol removalis performed at a pressure
of less than 400 millibars. In further preferred embodi-
ments, ethanol removal is performed at a pressure of
between 50 and 70 millibars, below 50 millibars, or below
12 millibars, at proportionally decreasing temperatures.
The ethanol removal step is allowed to proceed until at
least a portion of the ethanol is removed from the fer-
mentation mixture.

[0024] During the ethanol removal step of processes
ofthe presentinvention, certain volatile compounds other
than ethanol will also evaporate from the fermentation
mixture. Among those volatile compounds will be aro-
matic compounds that contribute to the flavour of the juice
or liquid. In order to maintain improved flavour of the fin-
ished reduced calorie beverage or food product, these
aromatic compounds are captured in preferred embodi-
ments of the present invention by appropriate capturing
means. In a further preferred embodiment, the capture
of aromatic compounds is performed by a cold trap. In a
further preferred embodiment, a falling film evaporator
(FFE) is employed for the ethanol removal step which
comprises both a vacuum means and appropriate means
for capturing any evaporated aromatics, such as a cold
trap. Inastill further preferred embodiment, the FFE com-
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prises a condenser for capturing ethanol and a cold trap
for subsequently capturing aromatics, which will not be
captured by the condenser. This allows for separation of
ethanol from captured aromatics. These captured aro-
matics are then reintroduced to the fermentation product
after the ethanol removal step.

[0025] Other optional steps may be performed to opti-
mize the flavour of the finished reduced calorie beverage
or food product. In certain preferred embodiments, a
sweetener is added to the fermentation mixture. This
sweetener could be added to the juice or liquid at any
step during the processes of the present invention. In
one preferred embodiment, the sweetener is added after
the ethanol removal step. In a preferred embodiment, the
sweetener will have a limited impact on blood glucose
levels, such as fructose. In a further preferred embodi-
ment, the sweetener will have a calorie content less than
that of sucrose or of glucose. In a further preferred em-
bodiment, the sweetener will be at least one of a sugar
alcohol, a low calorie natural sweetener, an artificial
sweetener, or any mixture thereof. Sweeteners suitable
for use in various juice beverage embodiments of the
beverage products disclosed here include natural sweet-
eners.

[0026] Other suitable sweeteners and combinations of
sweeteners may be selected for the desired nutritional
characteristics, taste profile, and other factors. In certain
embodiments, sweeteners may include, for example,
erythritol, tagatose, sorbitol, mannitol, xylitol, rhamnose,
trehalose, oligofructose, oligosaccharides, fructose, as-
partame, cyclamates, saccharin, sucralose, glycyrrhizin,
malitol, lactose, Lo Han Guo ("LHG"), rebaudiosides, ste-
viol glycosides, xylose, arabinose, isomalt, lactitol, malti-
tol, and ribose, and protein sweeteners such as thauma-
tin, monellin, brazzein, and monatin, rebaudioside A, ste-
vioside, other steviol glycosides, Stevia rebaudiana ex-
tracts, Lo Han Guo, e.g., LHG juice concentrate or LHG
powder having a mogroside V content of from about 2 to
about 99%, monatin, glycyrrhizin, thaumatin, monellin,
brazzein, and mixtures thereof.

[0027] Reduced calorie beverages produced by the
processes of the present invention may have a calorie
content of less than 10 percent of the juice or liquid from
which they are derived. At the same time, the reduced
calorie beverages may have a flavour profile and antioxi-
dant levels which are comparable to the juice or liquid.
The processes of the present invention therefore may
achieve a reduced calorie beverage or food product
which possesses the surprising combination of high anti-
oxidant levels and a flavour and mouthfeel which is com-
parable to raw plant-derived juice or liquids or juice bev-
erages, while being lower in calories and sugar content.
[0028] The processes of the present invention may be
performed at a range of scales, from those producing a
batch-by-batch productin the order of ten litres per batch,
up to an industrial scale. In an industrial scale process,
juice or liquid may be continually added to a fermentation
mixture in a fermentation unit, and fermentation mixture
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may be continually displaced or ejected from the fermen-
tation unit to an alcohol removal unit, such that a contin-
uous stream of juice or liquid is being introduced to the
system as a continuous stream of reduced calorie bev-
erage is produced.

[0029] With reference to Figure 2, raw juice or liquid is
stored in atemperature controlled storage tank (A) under
controlled atmosphere (i.e. oxygen-free, low temperature
conditions). Part of the fermentation tank (C) is filled with
juice or liquid for an initial fermentation step. Yeast is
added and the juice or liquid is stirred to maintain yeast
in suspension and air or oxygen containing gas is bubbled
into the juice or liquid. The juice or liquid is fermented in
fermentation tank (C) untilmost of the sugaris consumed.
Additional juice or liquid is slowly added to the fermen-
tation product in the fermentation tank (C). The added
juice or liquid is mixed inline with fermenting nutrients
from nutrient tank (B). At one point, the addition of juice
or liquid from storage tank (A), which is mixed inline with
fermenting nutrients from nutrient tank (B), to the fermen-
tation product in fermentation tank (C), displaces a por-
tion of fermentation product through an overflow which
is fed to a continuous centrifuge (D) that separates out
the yeast to waste. The thus clarified fermentation prod-
uctis then accumulated in a temperature controlled hold-
ing tank (E) under controlled atmosphere (conditions of
low to zero oxygen) awaiting further processing. The fer-
mentation product is pumped to an ethanol removal unit,
in some embodiments a falling film evaporator (F) to re-
move ethanol. The falling film evaporator (F) is placed
under low pressure using a vacuum pump (I). Ethanol
vapours are condensed in the low temperature condens-
er (G) and removed for waste. Highly volatile aromatic
vapours are condensed in a cold trap (H) at extremely
cold temperatures. Dealcoholized juice is pumped to a
temperature controlled holding tank (J) under controlled
atmosphere awaiting for further processing. The dealco-
holized fermentation product is added to a mixing tank
(K) where it is blended with the recuperated aromatics
and sweeteners. The dealcoholized product may then be
further processed, for example by pasteurization (L) and
bottling (M).

EXAMPLES:
EXAMPLE 1:

[0030] Yeast priming stage (time=0): 2 X 2L of pure
consumer grade pasteurized (shelf-stable) apple juice
(Rougemont Mclintosh) was purchased for this study.
[0031] pH: 3.75 Hydrometer: density: 1.042 g/ml or
12.5 Brix. At this density, the potential alcohol content of
the fermented juice can be calculated as falling in the
range of 5.5 t0 6.0%.

[0032] 500ml of juice was placed in a clean 1 gallon
sanitized glass bottle. The bottle was suspended in a
30C water bath. A consumer aquarium pump, tubing and
bubbling stone was used to (aerate) saturate the juice
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with dissolved oxygen.

[0033] 2 g of dry active (fruit and white) wine yeast
(Lalvin EC-1118) was hydrated with 50 ml of warm water
(30C) with a hydrating yeast additive at 0.03% (g/100g)
as recommended by the manufacturer for wine making
(Lallemand’s Go-Ferm) for 15 min. The hydrated yeast
was then added to the juice. A cotton ball was used as
stopper.

[0034] Attime=23 hours, the fermenting juice was very
cloudy, indicating good yeast dispersion by the bubbling
action. Very little foam formation was observed which is
typical of this type of yeast culture. Observed density was
1.014 g/ml or 4 Brix and observed pH was 3.57. Roughly
2/3 of the original sugar had been consumed by the yeast
at this time. The juice tasted like apple juice, no wine or
cider like notes, a slight increase in acidity as expected
when sugar levels decrease. There was no perceptible
alcoholic note.

[0035] At time=46 hours, the density observed was
1.004 g/ml or 2 brix and pH observed was 3.58. Nearly
all the original sugar had been consumed. The ferment-
ing juice tasted neutral (bland) with small perception of
apple, no wine or cider notes, slight increase in acidity
as expected when sugar levels decrease. There was no
perceptible alcoholic note.

[0036] The remaining unused 3.5 L of cold apple juice
was conditioned by adding 0.025% (or 0.25g/L) fermen-
tation nutritive additive for wine making as recommended
by the manufacturer (Lallemand’s Fermaid-K™). Using
a peristaltic pump, the cold conditioned juice is added to
the fermenting juice at a rate of 1 drop per second
(drop/sec) approx or 1.5 to 2 mL/min. By conditioning the
juice with a nutritive additive, the yeast is supplied addi-
tional nutrient to sustain a healthy growth and activity as
the juice is added to the fermentation vessel.

[0037] At time=54 hours, approximately 1L of condi-
tioned juice was added to fermentation. The fermenting
juice tasted neutral (bland) with a small perception of
apple with slight yeasty notes. No perceptible alcoholic
note. The observed density was 1.014 g/mL or 4 brix and
the observed pH was 3.71.

[0038] At time=67 hours, approximately 1.25L (bring-
ing the total to 2.25L) of additional conditioned juice was
added to fermentation. The fermenting juice tasted neu-
tral (bland) with small perception of apple, slight yeasty
notes. A light alcoholic note was perceptible. The density
was 1.010 g/mL or 2.5 brix and pH 3.78. A low brix even
after juice is added provided an indication of a rapid con-
sumption of the sugar supplied by the new juice.

[0039] At time=78 hours, approx 0.75L (bringing the
total to 3L) of additional conditioned juice was added to
fermentation. The 1 gallon fermentation bottle was ade-
quately filled (3.5L total fermenting juice). The addition
of conditioned juice is stopped. The fermenting juice tast-
ed neutral (bland) with small perception of apple with
slight yeasty notes. Almost no perceptible alcoholic note.
The yeast may have consumed a part of the alcohol ex-
plaining the reduction in alcoholic taste. The density was
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observed at 1.008 g/mL or 2.5 brix and the pH was ob-
served at 3.80. The continuing trend of low brix after juice
is added is an indication of a rapid consumption of sugar
supplied by the new juice. The fermentation was left to
aerate while in the water bath overnight.

[0040] At time=90 hours, the fermenting juice tasted
neutral (bland) with small perception of apple, slight
yeasty notes, slight astringency, slight bitterness and
slight perceptible alcoholic note. By experience, the bit-
terness and astringency is indicative of the taste of
polyphenols in the absence of sugar as found in dry
wines. The density was observed at 1.000 or 0 brix and
was observed at pH 3.82. Aeration was stopped. The
fermentation bottle was placed in a refrigerator to cool
the fermented juice in order to precipitate (settle) the
yeast for ease in filtration.

[0041] Upon analysis, the final ethanol content of the
fermented juice was 2.5%, which is less than half of the
ethanol potential of the initial juice. The final density of
the dealcoholized juice was 1.003 g/mlindicating that the
final sugar content is less than 2%.

[0042] Although the fermentation drastically reduced
the sugar content of the original juice, the volatile aro-
matic components that characterize the taste of apple
juice remain in the fermented juice. These components
can be recuperated in the de-alcoholizing process which
is performed under a strong vacuum at 34 to 36 degrees
Celsius.

EXAMPLE 2:

[0043] Cans of frozen apple juice concentrate were
used as a starting material. For each can of 283ml of
concentrate 849ml of water was added to make single
strength apple juice (1X).

[0044] 0.945g of Fermaid-K was added to 3.0 L of 1X
apple juice was prepared and placed in a 1 gallon glass
jug.

[0045] The jug was place in a hot bath set at 30C. An

aquarium bubbling stone and air pump was used to aer-
ate the juice. A small helical shaft agitator was use to
create a mixing vortex throughout the juice to prevent
yeast sediments and encourage suspension. Tubing
from 2 peristaltic pumps were inserted in the fermenter;
one to add new juice, one to remove fermented juice to
a secondary fermenter.

[0046] A one gallon glass jug placed in the water bath
at the same temperature serves as the secondary fer-
menter, and a bubbling aquarium stone is place in this
fermenter.

[0047] 10g of Lavliin™ DV-10 dry yeast (ht-
tp://www.scottlab.com/product-56.aspx) was hydrated in
100ml of a warm water (30C) solution containing 0.3g/L
of Go-Ferm.

[0048] Double strength (2X) apple juice was prepared
by mixing 283ml of concentrate with 283ml of water. Fer-
maid-K was added at twice the rate i.e. 0.5¢g/L of 2x juice.
Brix was 22.0. The container of 2x juice was placed on
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a scale to track the addition of juice to the first fermenter.
[0049] The density was determined using a hydrome-
ter.

T=0: the yeast was pitched in the juice. Brix=12.

T=1 hour: brix=11.9.

T=2 hours: brix=10.5.

T=4.5 hours: brix=8.5.

T=6 hours: brix=6.0.

T=9.5 hours: brix=2.0.

[0050] At this point T=9.5 hours), 2X juice was added
to the fermentation unit and the same volume taken out
to a secondary fermentation unit.

T=11 hours: 212g of 2x juice added, brix=2.5.

[0051] Process allowed to proceed overnight.
T=21.5hours: 27959 of 2x juice total added, fermentation
unit #1 brix=4.5, secondary brix=1.5.

T=23 hours: 3069g of 2x juice total added, #1 brix=4.5,
#2 brix=2.0.

[0052] 2080ml of product was removed from the sec-
ondary and centrifuged @ 2000rpm for 15min to precip-
itate the yeast and the supernatant removed and store
in the refrigerator for subsequent processing, including
dealcoholizing.

T=24 hours: #1 brix=4.5 and #2 brix=4.0.

T=25 hours: 36659 of 2x juice total added, #1 brix=4.5,
#2 brix=4.0.

T=27.5 hours: 42749 of 2X juice total added, #1 brix=5.0,
#2 brix=3.0.

T=30 hours: 4.851g of 2X juice total added, #1 brix=5,5,
#2 brix=2.5.

[0053] Dissolved solid content of the juice was deter-
mined as follows:

1X juice: 11.6%
2x juice: 22.4%
final fermented juice: 4.7%

[0054] The juice was dealcoholized using a falling film
evaporator at 34 to 36 degrees Celsius. The resulting
product yielded an apple juice like characteristic once a
high intensity sweetener, sucralose, and natural apple
esters, extracted from apple juice, were added to the
dealcoholized product.

[0055] Observations: the brix level of the first fermen-
tation unit can be maintained while adding new concen-
trated juice indicating that the yeast is consuming the
sugars continuously. The secondary fermentation unit
can deplete the remainder of the juice that is not con-
sumed in the first fermentation unit in a continuous man-
ner as well. A considerable reduction is dissolved solids
is observed indicating that sugars have been removed.

Claims
1. A process for removing sugar from a plant-derived

juice or liquid and preparing a beverage or food prod-
uct, the process comprising:
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(a)

(i) fermenting, under aerobic conditions, a
first fraction of the plant-derived juice or lig-
uid with yeast while adding oxygen-contain-
ing gas to the juice or liquid by bubbling so
as to dissolve an excess of oxygen into the
juice or liquid and provide an aerobic envi-
ronment to the yeast, and

(ii) subsequently adding a second fraction
of juice or liquid to the fermented first frac-
tion while adding oxygen-containing gas to
the juice or liquid by bubbling so as to dis-
solve an excess of oxygen into the juice or
liquid and provide an aerobic environment
to the yeast, in the first fermented fraction,
to produce a fermentation product contain-
ing ethanol; and

(b) removing at least some of the ethanol from
the fermentation product by evaporation, while
maintaining the fermentation product at a tem-
perature of less than 55°C to produce the bev-
erage or food product, wherein said step (b) is
performed with a falling film evaporator.

2. The process according to claim 1, wherein step (a)
comprises:

(i) fermenting, under aerobic conditions, a first
fraction of the plant-derived juice or liquid with
the yeast while adding oxygen-containing gas
to the juice or liquid by bubbling so as to dissolve
an excess of oxygen into the juice or liquid and
provide an aerobic environment to the yeast to
produce fermentation product containing etha-
nol;

(ii) subsequently adding further plant-derived
juice or liquid to the fermented first fraction to
produce further fermentation product containing
ethanol; and

(iii) displacing a portion of the fermentation prod-
uctaway from a remaining portion of the fermen-
tation product.

3. The process according to claim 2, wherein substeps
(a) (ii) and (iii) and step (b) occur continuously, to
produce a continuous stream of the beverage orfood
product.

4. The process according to any one of claims 1 to 3,
additionally comprising a step wherein a low-calorie
sweetener is added to at least one of the juice or
liquid, the fermentation product, and the beverage
or food product, and wherein the low-calorie sweet-
ener has a lower calorie content than that of glucose
or has a lower blood glucose impact than that of su-
crose; wherein the low-calorie sweetener is contin-
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uously added to at least one of the juice or liquid, the
fermentation product, and the beverage or food
product, ; and, wherein the low-calorie sweetener is
a sugar alcohol, a natural sweetener, an artificial
sweetener, or any mixture thereof.

The process according to any one of claims 1 to 4,
wherein step (b) is performed at a pressure of less
than one bar.

The process according to any one of claims 1 to 5,
wherein the addition of the oxygen containing gas at
step (a) is performed using a bubble diffuser.

The process according to any one of claims 1 to 6,
wherein the juice or liquid, prior to step (a), is extract-
ed from a plant wherein the juice or liquid is derived
from cupuacu, acai, acerola, prickly pear, black and
red raspberry, blackberry, apple, pear, nectarine,
peach, haskap, tomato, cashew fruit, chokecherry,
currants, strawberry, banana, mango, cranberry, ap-
ricot, gooseberry, Saskatoon berry, white, red and
blue grape, guava, guarana, kola nut, carrot, beet,
lettuce, watercress, rice, soy, cashew nut, aloe vera,
agave, maple, a citrus fruit, Sea-buckthorne, goji,
spinach, almond, coconut, watermelon, rhubarb,
raspberry, blueberry, coffee berries, elderberry, per-
simmon, cherry, tart cherry, mulberry, prune, plum,
papaya, cantaloupe, mangosteen, pineapple or
pomegranate.

The process according to any one of claims 1 to 7,
wherein the yeast is wine yeast.

The process according to any one of claims 1 to 8,
wherein the yeast is removed from the fermentation
product either before or after the ethanol is removed,
and wherein the yeast is removed by filtration or cen-
trifugation.

Patentanspriiche

1.

Verfahren zum Entfernen von Zucker aus einem von
einer Pflanze stammenden Saft oder Flussigkeit,
und Herstellen eines Getranks oder Lebensmittel-
produkts, das Verfahren umfassend:

(a)

(i) Fermentieren unter aeroben Bedingun-
gen, einer ersten Fraktion des aus der
Pflanze stammenden Saftes oder der Fliis-
sigkeit, mit Hefe, wahrend sauerstoffhalti-
ges Gas durch Blasenbildung zu dem Saft
oder der Flissigkeit hinzugefligt wird, um
einen Uberschuss an Sauerstoffin dem Saft
oder der Flussigkeit zu 16sen und eine ae-
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robe Umgebung fiir die Hefe bereitzustel-
len, und

(ii) anschlieRend Hinzufligen einer zweiten
Fraktion Saft oder Flissigkeit zu der fer-
mentierten ersten Fraktion, wahrend sauer-
stoffhaltiges Gas durch Blasenbildung dem
Saft oder der Flissigkeit hinzugefuigt wird,
um einen Uberschuss an Sauerstoff in dem
Saft oder der Flissigkeit zu I6sen und eine
aerobe Umgebung fur die Hefe in der ersten
fermentierten Fraktion bereitzustellen, um
ein Fermentierungsprodukt, das Ethanol
enthalt, bereitzustellen; und

(b) Entfernen von mindestens einigem des Etha-
nols aus dem Fermentierungsprodukt durch
Verdampfung, wahrend das Fermentierungs-
produkt auf einer Temperatur von weniger als
55°C gehalten wird, um das Getrank oder Le-
bensmittelprodukt herzustellen, wobei der
Schritt (b) mit einem Fallfilmverdampfer durch-
geflhrt wird.

2. Verfahren nach Anspruch 1, wobei Schritt (a) um-

fasst:

(i) Fermentieren unter aeroben Bedingungen,
einer ersten Fraktion des aus der Pflanze stam-
menden Saftes oder der Flussigkeit, mit der He-
fe, wahrend sauerstoffhaltiges Gas durch Bla-
senbildung dem Saft oder der Flissigkeit hinzu-
gefiigt wird, um einen Uberschuss an Sauerstoff
in dem Saft oder der Flissigkeit zu l16sen und
eine aerobe Umgebung fiir die Hefe bereitzu-
stellen, um ein Fermentierungsprodukt, das
Ethanol enthéalt, herzustellen;

(ii) anschlieRend Hinzufligen von weiterem aus
der Pflanze stammenden Saft oder weiterer aus
der Pflanze stammender Flissigkeit, zu der fer-
mentierten ersten Fraktion, um ein weiteres Fer-
mentierungsprodukt, das Ethanol enthalt, her-
zustellen; und

(iii) das Verschieben eines Teils des Fermentie-
rungsprodukts weg von einem verbleibenden
Teil des Fermentierungsprodukts.

Verfahren nach Anspruch 2, wobei die Teilschritte
(a) (ii) und (iii) und Schritt (b) kontinuierlich stattfin-
den, um einen kontinuierlichen Strom des Getranks
oder Lebensmittelprodukts herzustellen.

Verfahren nach einem der Anspriiche 1 bis 3, zu-
satzlich umfassend einen Schritt, wobei ein kalori-
enarmer SuRstoff mindestens einem von dem Saft
oder der Flussigkeit, dem Fermentierungsprodukt
und dem Getrank oder Lebensmittelprodukt hinzu-
gefligt wird und wobei der kalorienarme Sif3stoff ei-
nen geringeren Kaloriengehalt hat als der von Glu-
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kose oder eine geringere Blutglukoseauswirkung hat
als die von Rohrzucker, wobei der kalorienarme
SuRstoff dem mindestens einen von Saft oder Fliis-
sigkeit, dem Fermentierungsprodukt und dem Ge-
trank oder Lebensmittelprodukt kontinuierlich hinzu-
geflugt wird; und wobei der kalorienarme SuRstoff
ein Zuckeralkohol, ein natirlicher SuRstoff, ein
kinstlicher StiRstoff oder ein Gemisch davon ist.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
Schritt (b) bei einem Druck von weniger als einem
Bar durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
das Hinzufiigen des sauerstoffhaltigen Gases in
Schritt (a) unter Verwendung eines Blasenverteilers
durchgefihrt wird.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
der Saft oder die Flussigkeit vor Schritt (a) aus einer
Pflanze extrahiert wird, wobei der Saft oder die Flis-
sigkeit aus Cupuagu, Agai, Acerola, Feigenkaktus,
schwarzer oder roter Himbeere, Brombeere, Apfel,
Birne, Nektarine, Pfirsich, Haskap, Tomate, Cashe-
wfrucht, Traubenkirsche, Korinthen, Erdbeere, Ba-
nane, Mango, Moosbeere, Aprikose, Stachelbeere,
Saskatoon-Beere, weiller und blauer Traube, Gua-
ve, Guarana, Kolanuss, Karotte, Riibe, Kopfsalat,
Brunnenkresse, Reis, Soja, Cashewnuss, Aloe vera,
Agave, Ahorn, einer Zitrusfrucht, Sanddorn, Goji,
Spinat, Mandel, Kokosnuss, Wassermelone, Rha-
barber, Himbeere, Blaubeere, Kaffeebeere, Holun-
der, Kaki, Kirsche, Sauerkirsche, Maulbeere,
Zwetschge, Pflaume, Papaya, Cantaloup-Melone,
Mangostane, Ananas oder Granatapfel stammt.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
die Hefe Weinhefe ist.

Verfahren nach einem der Anspriiche 1 bis 8, wobei
die Hefe aus dem Fermentierungsprodukt entweder
vor oder nach dem Entfernen des Ethanols entfernt
wird, und wobei die Hefe durch Filtration oder Zen-
trifugation entfernt wird.

Revendications

Procédé pour éliminer le sucre d’un liquide ou jus
issu d’'une plante et préparer une boisson ou un pro-
duit alimentaire, le procédé comprenant les étapes
consistant a :

(@)

(i) soumettre a une fermentation, dans des
conditions aérobies, une premiére fraction
du liquide ou jus issu d’'une plante avec une

10

15

20

25

30

35

40

45

50

55

10

levure tout en ajoutant au liquide ou jus un
gaz contenant de I'oxygéne en le faisant
passer bulle a bulle de maniére a dissoudre
un exces d’oxygéne dans le liquide ou jus
et fournir un environnement aérobie a la le-
vure, et

(i) ajouter ensuite une seconde fraction de
liquide ou jus a la premiere fraction fermen-
tée tout en ajoutant au liquide ou jus un gaz
contenant de I'oxygéne en le faisant passer
bulle a bulle de maniére a dissoudre un ex-
cés d’oxygéne dans le liquide ou jus et four-
nir un environnement aérobie a la levure,
dans la premiéere fraction fermentée, pour
produire un produit de fermentation conte-
nant de I'éthanol ; et

(b) éliminer au moins une partie de I’éthanol du
produit de fermentation par évaporation, tout en
maintenant le produit de fermentation a une tem-
pérature inférieure a 55 °C, pour produire la
boisson ou le produit alimentaire, en effectuant
I'étape (b) a I'aide d’un évaporateur a film des-
cendant.

2. Procédéselonlarevendication 1, dans lequel I'étape

(a) comprend les sous-étapes consistant a :

(i) soumettre a une fermentation, dans des con-
ditions aérobies, une premiére fraction du liqui-
de ou jus issu d'une plante avec la levure tout
en ajoutant au liquide ou jus un gaz contenant
de l'oxygéne en le faisant passer bulle a bulle
de maniere a dissoudre un excés d’oxygéne
dans le liquide ou jus et fournir un environne-
mentaérobie alalevure pour produire un produit
de fermentation contenant de I'éthanol ;

(i) ensuite ajouter encore du liquide ou jus issu
d’'une plante a la premiére fraction fermentée
pour produire du produit de fermentation sup-
plémentaire contenant de I'éthanol ; et

(iii) déplacer une partie du produit de fermenta-
tion hors d’'une partie restante du produit de fer-
mentation.

Procédé selon la revendication 2, dans lequel on ef-
fectue en continu les sous-étapes (a) (ii) et (iii) et
I'étape (b), pour produire un courant continu de la
boisson ou du produit alimentaire.

Procédé selon I'une quelconque des revendications
1 a 3, comprenant en outre une étape dans laquelle
on ajoute un édulcorant basses calories a au moins
un(e) parmi le liquide ou jus, le produit de fermenta-
tion, et la boisson ou le produit alimentaire, et dans
lequel I'édulcorant basses calories a une teneur en
calories inférieure a celle du glucose ou a un impact
surla glycémie inférieur a celui du saccharose ; dans
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lequel on ajoute en continu I'édulcorant basses ca-
lories a au moins un(e) parmi le liquide ou jus, le
produit de fermentation, et la boisson ou le produit
alimentaire ; et dans lequel I'’édulcorant basses ca-
lories est un alcool glucidique, un édulcorant naturel,
un édulcorant artificiel, ou un mélange quelconque
de ceux-ci.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel on effectue I'étape (b) sous une
pression de moins d’un bar.

Procédé selon I'une quelconque des revendications
1 a5, dans lequel on effectue I'addition du gaz con-
tenant de I'oxygéene dans I'étape (a) en utilisant un
diffuseur de bulles.

Procédé selon I'une quelconque des revendications
1a 6, dans lequel le liquide ou jus, avant I'étape (a),
est extrait d’'une plante ou le liquide ou jus est issu
de cupuagu, d’acgai, d’acérola, de figue de Barbarie,
framboise rouge et framboise noire, mdre, pomme,
poire, nectarine, péche, baie bleue de chévrefeuille,
tomate, pomme cajou, cerise de Virginie, cassis, frai-
se, banane, mangue, canneberge, d’abricot, de gro-
seille a maquereau, fruit d’'amélanchier a feuilles
d’aulne, raisin blanc, raisin rosé et raisin noir, goya-
ve, guarana, noix de kola, carotte, betterave, laitue,
cresson, riz, soja, noix de cajou, d’Aloe vera, d’aga-
ve, d’érable, d’'un agrume, d’argousier, de goji, d’épi-
nard, d’amande, de noix de coco, melon d’eau, rhu-
barbe, framboise, myrtille, cerises de café, sureau,
kaki, cerise, griotte, mdre blanche, pruneau, prune,
papaye, cantaloup, mangoustan, d’ananas ou de
grenade.

Procédé selon I'une quelconque des revendications
1 a7, dans lequel la levure est la levure de vin.

Procédé selon I'une quelconque des revendications
1 a 8, dans lequel on élimine la levure du produit de
fermentation soit avant, soit aprés avoir éliminé
I'éthanol, et dans lequel on élimine la levure par fil-
tration ou centrifugation.
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figure 2
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